
Study of Secondary Instability of 2/1 Magnetic Island in COMPASS High 

Density Limit Plasmas 

S. I. W. Shah1,2, F. Salzedas1,3, J. Havlicek2, J. Stöckel2, P. Háček2,4, J. Varju2, A. Havránek2, R. 

Pánek2, C. Silva1 

1 Instituto de Plasmas e Fusão Nuclear, Instituto Superior Técnico, Universidade de 

Lisboa,1049-001 Lisboa, Portugal 

2 Institute of Plasma Physics CAS, 182 00 Prague, Czech Republic 

3 Universidade do Porto, Faculdade de Engenharia, 4200-465 Porto, Portugal 

4 Charles University, Faculty of Mathematics and Physics, 121 16 Praha 2 

Density limit disruption (DLD) places an upper limit on the electron density in tokamaks and is 

critical for future fusion devices including ITER, which will typically need to operate at high 

densities to meet ignition criterion. DLD is preceded by rotating MHD modes, typically with 

poloidal / toroidal mode numbers m/n=2/1. At some stage of the development of this mode, the 

energy confinement is abruptly destroyed in the thermal quench phase of the disruption. This is 

usually attributed to stochastization of the field lines, due to overlapping of magnetic islands, 

leading to enhanced transport in the radial direction. Contrary to this hypothesis, a secondary 

instability (SI) to the rotating 2/1 magnetic island was observed first in JET [1] and then in 

COMPASS [2] high density plasmas at the onset of the thermal quench. 

This secondary instability is characterized by small amplitude oscillations superimposed on the 

magnetic island, with frequency higher than the rotating frequency of the island itself. The SI is 

observed at large island widths. No ‘m’ or ‘n’ mode numbers can be assigned to the SI, which 

indicates that its nature differs from the magnetic island. In a period ΔtSI just before the 

disruption, measured from the minimum in the loop voltage at the onset of the current quench 

phase, the frequency and amplitude of the SI perturbations increase. During this period, it is 

observed that the magnetic island can still be rotating or it can already be locked relatively to 

the wall. Experiments to study the behaviour of SI with different plasma parameters were 

carried on COMPASS recently. The initial analysis distinctly revealed SI perturbations, with 

ΔtSI varying from 0.2 ms to 0.9 ms i.e., ~ 2 orders of magnitude less than in JET. The plasma 

current was scanned at fixed q95 ~ 4 and the impurity content of the plasma was also changed. 

DLDs provoked with Ne gas puff showed shorter ΔtSI, typically less than ~ 0.4 ms. DLDs 

preceded by a locked mode, irrespectively of the type of puffing gas, showed ΔtSI ~ 0.2 ms.  
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